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Sir: 

In response to the Office Action dated January 8^2003, Applicants request favorable 
reconsideration of the above-identified application. Claims 1-5, 7-14 and 16-18 are pending. 

Claims 1, 3, 5, 7-10, 12, 14, 16 and 18 1 were rejected under 35 USC § 102(b) as being 
anticipated by Imai et al. In addition, the Examiner has repeated the rejection of claims 2, 4, 1 1 and 
13 under 35 USC §1 03(a) as being unpatentable over Imai et al. and the rejection of claim 17 under 
35 USC § 103(a) as being unpatentable over Kondow et al. in combination with Imai et al. 



In the Examiner's Response to Arguments, the Examiner argues that Imai et al. teaches broad 



1 The Examiner included claims 6 and 15 in the rejection, but such clearly is a 
typographical error since these claims have been canceled. 
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ranges for both growth rate and thickness. The Examiner also comments on the description of the 
comparative example as being irrelevant, and argues that the combination of the specific claimed 
thickness and growth rate would have been inherently taught by Imai et al. 

Although Imai et al. provides broad disclosures of both thickness and growth rate, Imai et 
al. fails to teach the specific claimed combination of thickness ; ^^^owth^rate. Furthermore, such 
a combination would not have been inherently taught by Imai et al. as asserted by the Examiner. 

Such should be clear from a review of all the working examples of Imai et al. which show 

o 

that there is no suggestion of growing a buffer layer at a growth rate of at least 7 A/sec to have a 
thickness of 50A to 300A. Examples 4 and 5 provide the fastest growth rate of the buffer layer of 
1.5 A/sec. The remaining working examples of Imai et al. show slower growth rates. 

Comparative Example 5 of Imai et al. was highlighted in the prior response since it disclosed . 
a growth rate of 1 50 A/sec, producing a first layer having a thickness of more than 5000 A. Contrary 
to the assertion of the Examiner, this example is relevant as part of the disclosure of Imai et al. in 
showing what Imai et al. actual teaches. 

Imai et al. discloses that the thickness of the layer depends on the film growth rate (see 
column 7, lines 6-8). Contrary to the assertion of the Examiner, a growth rate of at least 7 A/sec in 
combination with a thickness of 50-300 A is not inherently taught by Imai et al. Thus, the disclosure 
rate by Imai et al. that the thickness of the layer depends on the film growth does not teach or suggest 
that growing a layer at a relatively fast growth rate (of at least 7 A/sec) would grow the buffer layer 
to have a film thickness in the range from 50A to 300A. 
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The disclosure of Imai et al. that the thickness of the layer depends on the film growth rate 
is further understood from its examples. 

Imai et al. specifically describes the following growth rates and thicknesses: 

growth rate of 0.6 A/sec. for thickness of 500 to 700 A (Examples 13 and 14) 
growth rate of 1 .2A/sec. for thickness of 1 000 to 4600 A (Examples 1 , 2 and 6 to 1 2) 
growth rate of 1 .3 A/sec. for thickness of 1700 A (Example 3) 
growth rate of 1 .5 A/sec. for thickness of 1700 to 1900 A (Examples 4 and 5) 
growth rate of 1 50 A/sec. for thickness of 5000 A (Comparative Example 5) 
It is understood from the relation between the growth rates and the thicknesses specifically 
described in Imai et al. that a layer having a small thickness is formed at a low growth rate and a 
layer having a large thickness is formed at a high growth rate. 

In other words, it is expected from the relation between the growth rates and the thicknesses 
described in Imai et al. that the growth rate is reduced in order to form a layer having an extremely 
small thickness. However, it is not obvious to form such a thin layer at an extremely high growth \ 
rate of at least 1 A/sec. as claimed in the claims of the present application. 

As to the effects brought out from the relation between the growth rate and the thickness 
defined in the present invention, applicants present the contents of a report at the meeting of the 
Japan Society of Applied Physics, September 2000. 
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At this meeting, Kano et al, the inventors, reported the effects brought out from the relation 
between the growth rate and the thickness defined in the present invention with the title "Quality 
Improvement of GaN Layer Employing Fast-Grown Low-Temperature AlGaN Buffer Layer" on 
September 5, 2000. Copies of Extended Abstracts (The 61st Autumn Meeting, 2000) (5P-Y-1) and 
the OHP sheets used for the report are attached. 

The eighth and ninth OHP sheets show sectional TEM photographs of a sample prepared by 
forming an AlGaN buffer layer having a thickness of 120 A on a sapphire substrate at a growth rate 
of 6.7 A/sec. and forming a GaN layer thereon, and sectional TEM photographs of a sample prepared 
by forming an AlGaN buffer layer having a thickness of 120 A on a sapphire substrate at a growth 
rate of 25.0 A/sec. and forming a GaN layer thereon, respectively. The eighth OHP sheet (300,000 
magnification) proves that the sample prepared at the growth rate of 25 .0 A/sec. in the range claimed 
in claims of the present application has a smaller number of upwardly extending defects as compared 
with the sample prepared at the growth rate of 6.7 A/sec. out of the range claimed in claims of the 
present application. The ninth OHP sheet (2,000,000 magnification) proves that a trapezoidal 
portion (a white portion) is formed on the AlGaN buffer layer in the sample prepared at the growth 
rate of 25.0 A/sec. in the range defined in the present invention. As shown in the tenth OHP sheet, 
defects transversely bend without extending upward on the upper surface of the trapezoidal portion 
in the sample prepared at the growth rate of 25.0 A/sec. in the range defined in the present invention, 
to attain an unexpected remarkable effect. 
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The contents of this report are described from page 19, line 1 to page 21, line 19 of the 
English specification of the present application. The results of measurement of X-ray half widths 
(FWHM) shown in Fig. 2 indicate that the range of the growth rate defined in the present invention, 
i.e., at least 7 A/sec, is the critical range for attaining such an unexpected effect. 

Accordingly, when considering the entire disclosure of Imai et al., even based on the separate 
broad disclosures of film growth rate and thickness, Imai et al. does not provide any teaching of the 
combination of a growth rate of at least 7 A/sec to grow a layer having a film thickness from 50 A 
to 300 A. 

Applicants are considering the preparation of a Declaration demonstrating the unexpected 
results of the present invention in the event that the Examiner does not consider the present response 
as placing the application in condition for allowance. 

For at least the foregoing reasons, the claimed invention distinguishes over the cited art and 
defines patentable subject matter. Favorable reconsideration is earnestly solicited. 

Should the Examiner deem that any further action by applicants would be desirable to place 
the application in condition for allowance, the Examiner is encouraged to telephone Applicants' 
undersigned attorney. 
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In the event that this paper is not timely filed, Applicants respectfully petition for an 
appropriate extension of time. Please charge any fees for such an extension of time and any other 
fees which may be due with respect to this paper, to Deposit Account No. 01-2340. 

Respectfully submitted, 
ARMSTRONG, ^STERMAti & HATTORI, LLP 
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Atty. Docket No. 011083 
Suite 1000 
1725 K Street, N.W. 
Washington, D.C. 20006 
(202) 659-2930 

Attachment: Petition for Extension of Time 

Partial Translations of Extended Abstracts (the 61st Autumn Meeting, 2000) 
Translation of OHP sheets used in the 61st Autumn Meeting, 2000 of the 
Japan Society of Applied Physics 
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High quality GaM film on low-temperature AlGaN 
buffer layer grown with high growth rate 

Sanyo Electric Co,, Ltd. 

Microelectronics Research Center 

Takashi Kano, Hiroki Ohbo. Masayuki Hata, 
Tatsuya Kunisato, Tsutomu Yamaguchi,Takenori Goto, 
Nobuhiko Hayashi, Masayuki Shono, Minoru Sawada 
E-Mail : t-kano@rd . sanyo .co.jp 

1_. — Introduction A GaN layer on sapphire is generally grown 
on a buffer layer grown at a low temperature, and it is important 
to optimize conditions of the buffer layer and the GaN layer 
grown thereon for improving the characteristics of a 
nitride-based light -emit ting device. This time we have found 
out that a high-quality GaN film can be obtained by remarkably 
increasing the growth rate for a buffer layer, and report this. 

2^ Experiment GaN was grown on c- plane sapphire by 

atmospheric pressure MOCVD in a two-step growth method. A 
buffer layer was prepared from AlGaN, and growth temperatures 
for the buffer layer and the GaN layer grown thereon were 600°C 
and 1080°C respectively. The growth rate for the buffer layer 
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was varied for evaluating the X-ray diffraction FWHM, surface 
morphology etc . 

X» Conclusion Fig, 1 shows the relation between the growth 

rate for the AlGaN buffer layer and the X-ray diffraction FWHM. 
The X-ray diffraction FWHM was reduced as the growth rate was 
increased, and an excellent value of 248 arc sec. was obtained 
when the growth rate for the low- temperature AlGaN buffer layer 
was 25 A/sec* (9 |um/h). The surface morphology was a mirror 
surface at this time, as shown in Fig, 2, 

Fig. 1 Relation Between Growth Rate of AlGaN Low- Temperature 
Buffer Layer and Full Width at Half Maximum of X-ray of GaN 
Layer 

Fig. 2 Surface Morphology 
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SuLmma-iry of Report 



1 . Background 

2. Experimental Conditions 

3 . Evaluation of AlGaN Low- Temperature 
Buffer Layer Depending on Variation of 
Growth Rate 

•X-Ray Diffraction 
•Etch Pit Density 
•Sectional TEM 

4. Characteristics of Blue Semiconductor 
Laser Employing High-Quality GaN Growth 

5. Conclusion 
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Ba.cteg;rrouii<3. 

Conventional Low-Tftmp ft rf > t ure Bn-ffer I.ayp. r 

No variations of characteristics with the 
growth rate have been examined. 



Object 



Extension O f Optimum Condition Bang* in 
H icfh-Onalitv GaN Growth 

1 . Employment of AlGaN Low- Temperature 
Buffer Layer 

2. Quality Improvement of GaN Layer by 
Growth Rate Control 
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I Growth Conditions 

-3- Structure of MOPVP Appa^a-t-^ 

1-1. Trilaminar Horizontal MOCVD Apparatus 

1- 2. Heating System by High- Frequency 
Oscillation 

2~ Growth — Cfltndi.tj.Qjis for AicaN t.ow- 

Te mperature Buffer Layer 

2- 1. Substrate: Sapphire C-Plane Substrate 
2-2. Used Materials: TMA1 , TMGa , NH3 , H2 and N2 

TMA1/ (TMA1 + TMGa) ^0.5 
2-3. Growth Temperature: 600°C 

2- 4. Thickness of Grown Film: 120 to 140 A 

^ — Growth Conditio ns for ftaN T.ayg r 

3- 2. Used Materials: TMGa, NH3 , H2 and N2 
3-2. Growth Temperature: 1080°C 
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Structure of and MetliodL 
of Evaluation for 
Evaluated Sample 

Structure of Rvaluat.ftfl Sample 



GaN Layer (4 \im) 

AlGaN Low-Temperature Buffer Layer 
(120 to 140 A) 

Sapphire C- Plane Substrate 



Evaluation M^thnrl 

1. Full Width at Half Maximum in X-Ray 
Diffraction Rocking Curve 

GaN(0002) Diffraction 

2. Etch Pit Density 

Etching Method NaOH : KOH = 5:1 (280°C) U) 

3. Sectional TEM Observation 

(1) "Evaluation of Defects by Etch Pit in GaN " by Masayuki 
Hata et. al.. Sanyo Electric Co., Ltd. Microelectronics 
Research Center 

Extended Abstracts of th 57 th ^Meeting of the Japan 
Society of Applied Physics (1996). No. 1, p. 302 
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Relation Between Growth Rate of AlGaN 
Low-Temperature Buffer Layer and Full 
Width at Half Maximum of X-Ray of GaN Layer 
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Growth Rate [A/ sec ] 



Relation Between Growth Rate of AlGaN 

Low-Temperature Buffer Layer 

and Etch Pit Density of GaN Layer 
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Growth Rate: 25.0 A/sec. 



Sectional TEM Photograph of Interface Between 
Sapphire Substrate and GaN Layer (x 300,000) 
[Sectional Photograph on GaN (11-20) Plane] 
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200 A 

Growth Rate: 6.7 A/ sec. 




Growth Rate: 25.0 A/sec. 



Sectional TEM Photograph of Interface Between 
Sapphire Substrate and GaN Layer (x2, 000,000) 
[Sectional Photograph on GaN (11-20) Plane] 
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Image Diagram of Direction of Defect in Initial 
State of Growth of GaN Layer Employing Fast -Grown 
AlGaN Low-Temperature Buffer Layer 
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I-L Characteristics of GaN Laser Employing 
High- Quality GaN Growth 

(Room- Temperature Continuous Oscillation) 
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Conclusion 



1. Increasing growth rate of AlGaN low-temperatur< 
buffer layer to 25 to 30 A/sec. 

GaN Lay 

♦Full Width at Half Maximum of X-Ray Rocking 
Curve: 250 sec. 

•Etch Pit Density: 1.0 x [10 9 cm -2 ] 

I 

From sectional TEM on the interface between 
sapphire and GaN: 

(D Most of defects caused on the interface 
progress in directions parallel to the (-1101) 
plane and the C- plane. 

I 

The number of through defects in the C-axis 
direction decreases. 

2. A blue semiconductor laser of room- temperature 
continuous oscillation was obtained through high- 
quality GaN growth. 
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I Efe:5&# I 

1. MOCVD^Sjjfifc 

1- 1. = Jf SSElt^MOCVD^M 

2. AlGaNJS;U/ CD J^K^^# 

2- 2.&m : TMAl,TMGa, NH3, H2,N2 

TMAl/(TMAl+TMGa) = 0.5 
2-3.J?feS5SJ^ : 600°C 

2- 4. J^SJUl : 120~ 140 A 

3. GaN)jg)jfc^3l;# 

3- 2.&JB : TMGa, NH3, H2,N2 
3-2.f&&U& : 1080°C 
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GaNfil (4/im) 



(120~140A) 



GaN(0002)Hl#T 

X-y^XfyStik NaOH:KOH=5:l (280°C) (1) 
3.if®TEM|S^ 

^Simttm^^^m^ (1996) No.1, p302 

rxy^tf'>hl:J:SGaN(0*Rl<OP«J 
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0.2 Um 



J^S^JS:25.0A/sec 

IStdSTEM^JI ( x 300, 000) 

[GaN d 1-20) m-nomm^Mi 
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200 A 



f$.£kT$Lfx. : 6.7 A /sec 




■y-y-r* «t GaNJfOfjl® (3D 
ifSTEM^m ( x 2, 000, 000) 

[GaN a 1 -20) ww mm ¥ H] 
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St* 



25-30A/sec(C^-eiiiP 
GaNll 

• X££ □ ^WPi : 250sec 

■ Xy^ • tf v : 1.0 X 10» [ cm -2] 
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